INTRODUCTION
Aging is a spontaneous and inescapable process during biological development. The outermost organ of the body, skin can be subjected to various internal and external causes of aging ( Tobin 2017 , Farage et al. 2008 . Moreover, skin changes such as dryness, sagging and wrinkles are commonly observed as the most apparent characteristics of body aging (Zouboulis and Makrantonaki 2011).
Skin dryness results primarily from the loss of moisture-retaining substances and epidermal barrier dysfunction (Hashizume 2004 , Tončić et al. 2018 . Hyaluronic acid (HA) is remarkable for its unique ability to hold water within dermis, HAIYUAN YU et al. Β-SITOSTeROl AND VeRMICUlARIN PReVeNT SKIN AgINg An Acad Bras Cienc (2019) 91(4) e20181088 2 | 11 while aquaporin3 (AQP3) and cornified envelope proteins including loricrin (LOR), filaggrin (FLG) and involucrin (IVl) are important due to their contributions to skin barrier function and moisture loss inhibition in epidermis (Papakonstantinou et al. 2012 , Kim et al. 2018 , Averbeck et al. 2007 ). Therefore, HA and skin barrier functional proteins are main focuses of the research in skin dryness treatment.
A crucial factor upon skin sagging and wrinkling is the loss of collagen type I (COl-I)the most abundant collagen in dermal connective tissues, and the overexpression of matrix metalloproteinase 1 (MMP-1) (also known as collagenase) is recognized as a vital inducement (Tobin 2017 , Contet-Audonneau et al. 1999 , Freitas-Rodríguez et al. 2017 . Therefore, regulating the contents of COl-I and MMP-1 is an effective strategy for wrinkling prevention. It is known that oxidative stress serves as the molecular mechanism of skin aging (lephart 2016) . excess of reactive oxygen species (ROS) can damage oxidatively the biomacromolecules and meanwhile cause MMP-1 overexpression via mitogen-activated protein kinases (MAPK) signaling pathway (Kammeyer and luiten 2015) . given that hydrogen peroxide (H 2 O 2 ) can irritate the overproduction of ROS, it functions as an active pressure source of aging inducement in dermal fibroblasts (Wen et al. 2017) .
growing concerns about skin health lead consumers to prefer cosmetic products that contain functional ingredients. Natural plants account for an important source of functional cosmetic additives (Juhász et al. 2018) . lichen Thamnolia vermicularis (Sw.) Ach., a traditional Chinese herbal medicine, has been proved by modern scientific researches to perform multiple pharmacological activities, such as antioxidant, anti-inflammatory, radio-resistance, etc. (luo et al. 2006 (luo et al. , Crawford 2015 . Furthermore, the anti-aging function of T. vermicularis extract on human dermal fibroblasts has been reported by Chen et al. (2017) . Nevertheless, the specific effective components in T. vermicularis extract (TV) along with the underlying mechanisms of skin aging await more in-depth investigations.
A phenolic acid and also the characteristic component in TV, vermicularin (Verm) exists in T. vermicularis at a high content (guo et al. 2011) . equally representative is β-sitosterol (Sito), the most abundant plant sterol in the human diet (lomenick et al. 2015) . In this study, the antiaging effects of Sito and Verm were investigated by detecting their biological activities against skin drying and wrinkling in cultured human skin fibroblasts and keratinocytes.
MATERIALS AND METHODS

MATeRIAlS
TV was provided by Shanghai Inoherb Co., ltd (Shanghai, China). Sito standard substance was purchased from PureOne Biotechnology (Shanghai, China). Human dermal fibroblast-adult (HDF) and human permanent epidermal cell (HaCaT) were purchased from ScienCell Research laboratories (San Diego, CA, USA). Human COl-I elISA kits were purchased from Shanghai MlBIO Biotechnology (Shanghai, China). elISA kits for Human MMP-1, Human HA, Human AQP3 and Human lOR were purchased from exCell Biotech (Shanghai, China). Primary antibodies against eRK, phosphorylated eRK (p-eRK), phosphorylated JNK (p-JNK) and phosphorylated p38 MAPK (p-p38), and HRP-conjugated secondary antibodies were from Signalway Antibody (SAB, MD, USA). Primary antibodies against JNK, p38 MAPK, HAS1 and gAPDH were from Proteintech (Chicago, USA). INV, HAS2 and HAS3 antibodies were purchased from ABclonal Technology (Wuhan, China). Antibody against FLG was from Wanleibio (Shenyang, China). Other chemical reagents without special description were from Sinopharm Chemical Reagent (Shanghai, China). elISA ANAlYSIS HDF cells (2×10 5 cells/ml) were inoculated in 96well plates. After treatment with compounds for 24 h, cells were stimulated or non-stimulated with H 2 O 2 . Cells culture supernatants were harvested and evaluated the levels of HA, COl-I and MMP-1 by commercially available elISA kits. HaCaT cells (2×10 5 cells/ml) were inoculated in 6-well plates and treated with compounds. Then, cells were rinsed with precooling phosphate buffer solution (PBS) and lysed using cell lysis buffer (Biotech well, Shanghai, China). The lysates were performed human AQP3 and lOR assay by elISA. The levels of target proteins were normalized to total proteins that quantified with a BCA kit (Biotech well, Shanghai, China). HDF or HaCaT cells (2×10 5 cells/ml) were inoculated in 6-well plates. After 24 h of treatment, cells were rinsed twice with precooling PBS. Total RNA of the cells was extracted with a total RNA isolation kit (KeygeN, Nanjing, China). And then a reverse transcription kit (Takara, Shiga, HAIYUAN YU et al.
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An Acad Bras Cienc (2019) 91(4) e20181088 4 | 11 Japan) was used to obtain cDNA. SYBR realtime fluorescent quantitative polymerase chain reaction was performed using 2×RealStar green Fast Mixture (genstar, Beijing, China). The qRT-PCR reaction was conducted with a program as follows: pre-denaturation at 95 °C for 30 s, then forty cycles of 95 °C for 5 s, 60 °C for 30 s, 72 °C for 1 min. The expression levels of target genes were conducted by ΔΔC T method and normalized to gAPDH. The sequences of primers were as follow: HAS1: 5'-gCg ATA CTg ggT AgC CTT CA-3' (forward), 5'-ggT TgT ACC Agg CCT CAA GA-3' (reverse); HAS2: 5'-CCT CAT CAT CCA AAg CCT gT -3' (forward), 5'-AAA CAg TTg CCC TTT GCA TC -3' (reverse); HAS3: 5'-GTC ATg TAC ACg gCC TTC AA -3' (forward), 5'-CCT ACT TGG GGA TCC TCC TC -3' (reverse); HYAl1: 5'-gTg CTg CCC TAT gTC CAg AT -3' (forward), 5'-ATT TTC CCA gCT CAC CCA GA -3' (reverse); HYAL2: 5'-TCT ACC ATT ggC gAg AgT g -3' (forward), 5'-AgC AgC CGT GTC AGG TAA T -3' (reverse); HYAL3: 5'-CCT CCA gTg CCC TCT TCC -3' (forward), 5'-CTG TCC CAG GAT GAC CTT GT -3' (reverse); AQP3: 5'-CAT CTA CAC CCT ggC ACA gA -3' (forward), 5'-ggC TgT gCC TAT gAA CTg gT -3' (reverse); LOR: 5'-CAT GAT GCT ACC CGA ggT TT -3' (forward), 5'-ACT ggg gTT ggg AGG TAG TT -3' (reverse); IVL: 5'-GTG GGG gAg AgA ggg AAT TA -3' (forward), 5'-CTC ACC TGA GGT TGG GAT TG -3' (reverse); FLG: 5'-gTT ACA ATT CCA ATC CTg TTg TTT TC -3' (forward), 5'-CgT TgC ATA ATA CCT Tgg ATG ATC -3' (reverse); GAPDH: 5'-TCC ACT ggC gTC TTC ACC -3' (forward), 5'-ggC AgA gAT gAT gAC CCT TTT -3' (reverse).
MeASUReMeNT OF INTRACellUlAR ROS leVel
Intracellular ROS level was monitored by a ROS assay kit (KeygeN, Nanjing, China). Briefly, HDF cells were inoculated in 6-well plates and treated with compounds and H 2 O 2 . Then, cells were stained with 10 μM DCFH-DA at 37 °C for 20 min. The cells were harvested by trypsinization and the fluorescence intensity (λ excitation=485 nm, λ emission =525 nm) was determined using a microplate reader (SpectraMax i3; Molecular Devices, Sunnyvale, CA, USA).
WESTERN BLOT ANALYSIS
HDF cells were inoculated and incubated with compounds and H 2 O 2 . HaCaT cells were treated with compounds only. The cells were rinsed by PBS and lysed using cell lysis buffer with PMSF and Phosphatase Inhibitor cocktail (Biotech well, Shanghai, China) in ice-bath. The total proteins extracted were quantified using a BCA kit. The mixtures of protein samples (20 μg) and loading buffer were boiled and separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAge). Then protein bands in the gel were transferred to PVDF membrane (Millipore, MA, USA), followed by blocking with 5% BSA and incubation with primary antibodies and HRPconjugated secondary antibodies. The protein bands were visualized by eCl luminescence reagent (Biotech well, Shanghai, China) via biological image analysis system (FR-1800, Furi Co., ltd, Shanghai, China).
STATISTICAl ANAlYSIS experiments were performed independently at least three times. The data were expressed as the mean ± SD and analyzed using SPSS program (V22.0, IBM Co., NY, USA). The statistical differences between groups were analyzed via one-way analysis of variance (ANOVA) and P < 0.05 was considered significant.
RESULTS
eFFeCTS OF TV, SITO AND VeRM ON Cell VIABIlITY OF HDF AND HACAT
The cytotoxicity of TV, Sito and Verm towards HDF and HaCaT was determined with MTT assay. TV at 0-50 μg/mL, Sito at 0-25 μM and Verm at HAIYUAN YU et al.
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SITO-PROMOTeD HA PRODUCTION VIA UP-REGULATING HAS AND DOWN-REGULATING HYAl IN HDF
As a measure of moisturizing capacity of compounds, HA production in HDF cells was assessed by elISA, with nacetylglucosamine (glcNAc) the HA precursor taken as a positive control. Results showed that Sito improved effectively the HA secretion in a does-dependent manner and by 18% at high concentration, while Verm hardly altered the level of HA ( Fig. 2a, b) . In order to clarify the specific mechanism of Sito promoting HA secretion, the expression of hyaluronic acid synthases (HAS1, -2, -3) and hyaluronidases (HYAl1, -2, -3) in HDF was further investigated. According to the measurements, Sito does-dependently increased the mRNA and protein levels of HAS1, -2, -3 ( Fig. 2c, e ), whereas a decrement in HYAl3 mRNA level was observed as the concentration of Sito reached 25 μM (Fig. 2d ).
SITO PROMOTeD THe eXPReSSION OF AQP3, lOR, Flg AND IVl IN HACAT
For exploring effects of compounds on epidermal barrier function, the protein levels of AQP3 and lOR were measured by elISA and the levels of Flg and IVl were measured by western blot. Alltrans retinoic acid (ATRA) or calcium chloride (CaCl 2 ) was taken as the positive control promoting the expression of target protein (Bellemère et al. 2008, Pleguezuelos and Kapas 2006) . Sito outperformed remarkably Verm in increasing the protein levels of AQP3 and lOR (Fig. 3a, b) . Furthermore, Sito significantly enhanced the mRNA and protein levels of AQP3, lOR, Flg and IVl in a does dependent manner (Fig. 3c-f ).
VeRM-INCReASeD THe CONTeNT OF COl-I BY DeCReASINg MMP-1 PRODUCTION VIA SUPPReSSINg ROS leVel AND MAPK SIgNAlINg IN HDF
As an evaluation of compounds' anti-wrinkle effects, their influences on the contents of COL-I, MMP-1 and ROS were determined with H 2 O 2 -induced HDF. Nicotinamide (VB3) or ascorbic acid (VC) was taken as the positive control (Chen and Damian 2014) . The level of COl-I decreased by 23% and the levels of MMP-1 and ROS increased respectively by 36% and 55% in H 2 O 2 -induced HDF (Fig. 4a-c) . Results indicated that Verm increased surprisingly the content of COL-I and also decreased effectively the levels of MMP-1and ROS, while Sito hardly regulated these factors (Fig. 4) . Moreover, Verm restored the levels of COl-I, MMP-1 and ROS in a does-dependent manner (Fig. 4d-f ). For further explaining the specific role of Verm against skin aging, its effect on the activation of MAPK signaling (eRK, JNK and p38 MAPK) was examined by western blot. The phosphorylation of eRK, JNK and p38 MAPK heightened in H 2 O 2 -induced HDF (Fig. 5 ). Verm obviously suppressed the phosphorylation of eRK and JNK in a does-dependently manner (Fig. 5a, b) , and the phosphorylation of p38 (p-p38) was also attenuated as the concentration of Verm reached 20 μM (Fig. 5c ).
DISCUSSION
Dryness and wrinkles are typical features of skin aging. Thereby, materials with moisturizing and anti-wrinkling activities are potential candidates to anti-aging ingredients in skincare formulations. Sito generally exists in human diet as well as many medicinal plants and possesses anti-cancer, antiinflammatory and analgesic activities (Lomenick et al. 2015 , Villaseñor et al. 2002 . Verm is a main characteristic component in T. vermicularis with physiological activities of anti-inflammatory and antipyretic (guo et al. 2011 (guo et al. , Crawford 2015 . Sito and Verm are typical components of TV which showed anti-aging effect. In this study, their activities on moisturizing and anti-wrinkling were investigated within skin cells and the mechanisms of protection were further discussed.
HA functions crucially in moisture holding of the skin, in which the metabolism in mammals is directly regulated by hyaluronic acid synthases (HAS1-3) and hyaluronidases (HYAl1-3) (lee et al. 2016 , Averbeck et al. 2007 , Itano and Kimata 2002 . That Sito could promote HA secretion and enhance HAS1-3 expression significantly revealed its probable moisturizing activity through promoting the biosynthesis of HA chains and thus raising the HA level. In addition, epidermal barrier function is another important regulation for skin moisture, as it can prevent the moisture from transepidermal loss (Tončić et al. 2018 , Chaudhuri and Bojanowski 2017 , li et al. 2010 . Since Sito was found to enhance the expression levels of water channel protein (AQP3) and the components of cornified envelop (LOR, FLG and IVL) in HaCaT, it could also lock skin moisture through promoting skin barrier function. The dual effect enabled Sito to be an active ingredient for dryness relief, which outperformed Verm. The results were consistent with the previous report of phytosterols being used as cosmetic additives to retain moisture and deter skin aging (Folmer 2003) . COl-I loss can induce fragility of collagen fibers, which further results in the formation of skin wrinkles, one of its major cause is MMP-1 overexpression. Oxidative stress has been recognized as an important molecular mechanism of skin aging, and it was reported that ROS-activated MAPK signaling could stimulate the expression of MMP-1 in HDF (lephart 2016 , Noh et al. 2016 , lu et al. 2017 , Sun et al. 2017 . In this study, Verm was found to increase COl-I level and inhibit MMP-1overexpression so as to perform anti-wrinkling effect that Sito could not realize. Moreover, our results suggested that indeed Verm could attenuate the H 2 O 2 -induced overproduction of ROS, which further supported the former findings that phenolic compounds with activities in antioxidation, collagen synthesis promotion, as well as collagen degradation inhibition effected skin anti-aging (Kammeyer and luiten 2015 , Svobodová et al. 2003 , Fisher et al. 2002 .
eRK, JNK and p38 MAPK are key members of MAPK signaling pathway. As reported before, phosphorylation of eRK and JNK could mediate the activation of c-fos and/or c-jun; then, activated c-fos and c-jun would constitute AP-1 the transcription factor that further regulated the expression of MMP-1 (Sun et al. 2017) . Since experimental results in this work revealed the suppressed phosphorylation of eRK and JNK by Verm in H 2 O 2 -induced HDF, Verm was proved an anti-aging agent that prevented COl-I loss via inhibiting the expression of MMP-1 in the way of reducing intracellular ROS level and suppressing the MAPK signaling activation. Actually, activation of transforming growth factor-beta (TGF-β) signaling pathway was also proposed as another anti-aging strategy, for it could upregulate the collagen expression (gao et al. 2018 (gao et al. , Park et al. 2018 ). Verm's effects on this pathway, however, are open to further investigation.
In conclusion, β-sitosterol and vermicularin are two active compounds preventing skin aging. Sito could promote the biosynthesis of HA and enhance the skin barrier function. This dual effect enables Sito to be an active compound for skin moisturing. While, Verm was able to prevent COL-I loss via antioxidation and collagen degradation inhibition so as to perform anti-wrinkling effect. Our findings contributes to the development of β-sitosterol and vermicularin as anti-aging ingredients for application in skincare products, in addition, the research may provide reference for future studies on the bioactivities of raw material containing these compounds.
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